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ABSTRACT

A sequence of four photographs were obtained on

Apollo 14 of an area of the lunar surface when that area
was coincident with a sunrise terminator. The photoqraphs

are of maria south of the crater Kunowski; the center of

the photographic target is about 2°N and 32.5°W. The area

within 1/2 ° of the terminator shows wide variation of

scene contrast. It is possible to recognize small (con-

siderably less than 1/2 ° ) variations in slope of those

portions of the surface that are nearly tangential to the local

sun. Many geological features stand out in a manner that

is not normal in conventional lunar photography. Stereo

viewing, of pairs within the sequence of four photographs,

aids recognition of the nature of any feature examined.

This special near-terminator photography from

Apollo 14 was considered experimental. The exEent to which

such photography will be planned for future lunar missions
is a function of scientific reaction to these first results.
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1.0 INTRODUCTION

For many years it has been widely accepted that

an examination of the lunar surface under near-terminator

lighting conditions is extremely valuable to geologists and

other scientists. Prior to the era when lunar photography

could be obtained from spacecraft in lunar orbit, a large

percentage of the telescopic observation of the moon (both

directly and via photography) was carried out when the part

of the moon of interest was under near-terminator lighting

conditions. When unmanned spacecraft whose prime mission

objective was lunar photography were flown (e.go, Lunar

Orbiter), the mission parameters were selected to produce

photography near the terminator. One reason for this is that
under near-terminator conditions (low sun elevation) small

changes in slope produce greater contrast changes than at

high sun elevation angles. A related desirable phenomenon

is that at low sun elevation the shadow is longer than the

object is high, thus increasing certain information about

the object. For example, at 20 ° the exaggeration is 2.75

(cotan 20 ° ) thus increasing detectability and morphologic

identification.

Historically it has been difficult to obtain

photography nearer the terminator than about 8 ° without

severe underexposure. The Lunar Orbiter and the Panoramic

Camera (planned for Apollos 15, 16, and 17) were optimized

for photography at 20 ° or above in maria* and neither

can produce the desired mid-range exposures when operating

nearer the terminator than 8 ° (although some lunar

farside photography from Lunar Orbiter IV was perhaps

highly useful in certain regions nearer the terminator).

In highlands they can operate at lower sun elevations due

to the higher albedo.
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Faster films could be used to obtain photography
nearer the terminator than 8° but such fast films pay a
resolution penalty which for most unattended camera systems
would be paid for in all the photography obtained during the
mission, i.e., the film selected for photography at, say,
1/2 ° from the terminator would also be used for all the
other photography.

The ability of an astronaut to change films in
the Hasselblad cameras provided an opportunity on Apollo 14,
and will provide future opportunities on Apollos 15, 16 and
17 for use of very high speed films. Despite the fact that
there was no image motion compensation normally* available
for these cameras it seemed possible that a film could be
selected capable of photography within i/2 ° of the terminator

at a resolution that might provide lunar photography of

special geological interest. The shadow length at 1/2 ° from

the terminator would be greater than the height of any object

by a factor of 114.6 (cotan 1/2°). Slight variations (less

than 1/2 ° ) in slopes near horizontal would produce significant
variations in scene contrast.

TECHNICAL DISCUSSION

Operation

A sequence of photographs was taken on rev 19 of

Apollo 14 starting a few minutes prior to crossing of the sun-

rise** terminator and continuing past the terminator. These

photographs were taken at the request of the author as part

of the Photo Team activities. Figure 1 shows the_location of

the area covered.

The camera used was the Hasselblad Data Camera with

the 80 mm lens. The timing sequence was set to provide approx-

imately 60% forward overlap by exposing at 20 second intervals.

The camera f# was set at 2.8 and the exposure time was 1/60 secs.

The film used was Kodak 2485 which is a very high speed black

and white film. The spacecraft was oriented for vertical photog-

raphy. The operation was carried out by Lt. Col. Roosa, CMP, as
specified in the mission requirements document.

*Image motion compensation can be obtained by rotation of

the spacecraft.

**The term "sunrise" is used here in its normal sense i.e.,

as it appears to an observer on the surface, In certain opera-

tional documents, it is called sunset as the spacecraft moves

from light to dark.
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Results

Four photographs are of special interest. These

are on Magazine S. Their identification numbers are AS14-78-

10375/6/7 and 8. Poor quality copies of these photographs

are attached as Figures 2 through 5. High quality copies are

with the author. The field of view of each covers an area of

approximately 2 1/2 lunar degrees by 2 1/2 lunar degrees
(80 km E-W x 76 km N-S).

The photographs AS14-78 I0376/7&8 show the termina-

tor. Photograph AS14-78-I0377 is particularly impressive.

It is centered at approximately 2°N and 32.5°W. The southern

half of the crater Kunowski appears at the top center of the

frame. The terminator passes approximately through the center

of the crater Kunowski and near terminator photography, say

+ 1/2 ° , occupies the middle third of the piOture. This center

portion of photograph 10377 can be viewed in stereo using

appropriate sections of photographs 10376 and 10378.

Comme n t

If the photograph 10377 were to be examined without

prior knowledge of the area south of Kunowski the lunar surface

would probably be described as appearing undulating and rough.

But one's perceptual filters must be recognized as controlled

by recognition models formed by prior experience which prior

experience has never included useful photography within 1/2 °

of the terminator.

The area of the lunar surface covered by photograph

10377 is shown in the attached print of approximately the same

area from Lunar Orbiter IV high resolution frame #133 section

3, (Figure 6). The area south of Kunowski is seen to be maria

and only a minor ridge pattern, or higher albedo suggestion of

a ray, is seen in much of the area. It is _clear that photography

within 1/2 ° of the terminator produces an exaggeration of gentle

surface slopes and other surface features and enables examina-

tion of surface characteristics that might not normally be

observable.

Conclusions

Four unusual photographs were obtained that showed

lunar surface areas within 1/2 ° of the terminator that were

certainly of pictorial interest. Many geological features

stand out in a manner not normal in conventional lunar
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photography. For a distance of approximately 1/2 ° from the
terminator variations in surface slopes that are within 1/2 °
of the horizontal produce significant changes in contrast which
enables the brain to "see" these variations. Craters and other
features produce shadows that on first impression seem to
highly exaggerate the height of the feature.

This special near terminator photography from
Apollo 14 was considered experimental. The extent to which
such photography will be planned for future missions, and how
it will be optimized, are a function of scientific reaction
to these first results.

2015-DDL-dmu D. D. Lloyd

Attachments
Figures I-6
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FIGURE 2 - AS14_78-10375



FIGURE 3 - AS14-78-10376



FIGURE 4 - AS14-78-10377



FIGURE6- FROMLUNARORBITERIV



FIGURE5-AS14-78-10378


